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Claim 

A method for manufacturing a silicon gate p-channel MOS semiconductor device 
characterized by the fact that 

it has a step of operation in which after silicon gate electrodes are formed on a gate 
insulating film made of silicon oxide on the surface of a substrate, nitrogen is ion implanted such 
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that the peak in the distribution of its concentration in the depth direction is located in the lower 
portion of a silicon gate electrode. 

Detailed explanation of the invention 

This invention will be described in the following order: 

A. Industrial application field 

B. Abstract of the invention 

C. Prior art 

D. Problems to be solved by the invention 

E. Means for solving the problems 

F. Operation 

G. Application Example (Figure 1) 

H. Effect of the invention 

A. Industrial application field 

This invention pertains to a method for manufacturing a silicon gate p-channel MOS 
semiconductor device. In particular, this invention pertains to a method for manufacturing a 
p-channel MOS semiconductor device with its gate electrodes made of p-type silicon. 

B. Abstract of the invention 

This invention pertains to a method for manufacturing a silicon gate p-channel MOS 
semiconductor device characterized by the fact that 

in order to prevent the problem that boron B in a p-type silicon gate electrode is extracted 
from the gate insulating film and diffuses to the surface of the semiconductor substrate due to 
heat treatment for activating the diffusion layer or the like, after formation of the silicon gate 
electrode, nitrogen N is ion implanted such that the peak of the distribution of its concentration 
in the depth direction is at a position in the lower portion of the silicon gate electrode. 

C. Prior art 

A p-channel silicon gate MOS semiconductor device is usually manufactured as follows: 
after formation of a gate insulating film, a polysilicon film is formed; by patterning this film, 
silicon gate electrodes are formed; then, with silicon gate electrodes as a mask or with the silicon 
gate electrodes and the side walls formed on their side surfaces used as a mask, ion implantation 
is performed for boron B on the surface portion of the semiconductor substrate so as to form 
source/drain regions. In this case, boron B is also doped in the silicon gate electrodes. Especially, 
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boron ion implantation may be carried out in the polysilicon film after formation of the 
polysilicon film as silicon gate electrodes and before patterning. 

However, for a p-channel MOS semiconductor device prepared with the gate electrodes 
made of p^ type polysilicon, due to heat treatment for activating the diffusion layer and flattening 
of the interlayer insulating film, boron in the silicon gate electrode is extracted and it enters the 
semiconductor substrate. As a result, the cutoff characteristics degrade, and the threshold voltage 
varies. This was described in 1990 Haru Oyobusuri Gakkai Yokoshu [Preprints of 1990 Spring 
Symposium of the Japan Society of Applied Physics], p. 568, 28p-ZB-6: "Effect in suppressing 
extraction of boron in a PMOSFET using nitride oxide gate insulating film." As a measure for 
solving this problem, after formation of the gate insulating film (after gate oxidation), the gate 
insulating film is nitrided. It was reported that an effect in suppressing extraction of boron was 
actually realized. 

D. Problems to be solved by the invention 

However, for the aforementioned technology for preventing extraction of boron, the 
following difficult step of operation is needed: after gate oxidation, ramp nitration is carried out 
in an NH3 atmosphere, and ramp oxidation is performed in an O2 atmosphere. 

Also, for a CMOSIC, there is no problem of extraction of impurities fi^om the silicon gate 
electrode to the semiconductor substrate for n-channel MOSFETs formed at other sites of the 
same semiconductor substrate. Consequently, the gate insulating film is nitrided. As a result, the 
dielectric constant becomes larger, and the gate capacitance rises. This is undesired. 

The objective of this invention is to solve the aforementioned problems of the prior art by 
providing a method for preventing extraction of boron fi-om a p-type silicon gate electrode with 
diffusion into the surface of the semiconductor substrate due to heat treatment for activating the 
diffusion layer, etc. 

E. Means for solving the problems 

In order to solve the aforementioned problems, this invention provides a method for 
manufacturing a silicon gate p-channel MOS semiconductor device characterized by the fact that 
it has a step of operation in which after silicon gate electrodes are formed on a gate insulating 
film made of silicon oxide on the surface of a substrate, nitrogen is ion implanted such that the 
peak in the distribution of its concentration in the depth direction is located in the lower portion 
of a silicon gate electrode. 



4 



F. Operation 

According to the method for manufacturing a silicon gate p-channel MOS semiconductor 
device of this invention, by simply adding a step of ion implantation of nitrogen N after 
formation of the silicon gate electrode, by means of nitrogen N, it is possible to suppress 
extraction of boron B in the heat treatment for activation. 

Also, nitriding of the gate insulating film of an n-channel MOSFET forming portion can 
be easily avoided by using the n-channel MOSFET forming portion as a resist film during ion 
implantation. 

G. Application example (Figure 1) 

In the following, this method for manufacturing silicon gate p-channel MOS 
semiconductor device of this invention will be explained in detail with reference to an 
application example illustrated in figures. 

Figures 1(A)-(C) are cross-sectional views illustrating steps of operation in an application 
example of the method for manufacturing a silicon gate p-channel MOS semiconductor device of 
this invention. 

(A) After channel stopper (2), selective oxide film (3), and gate oxide film (4) are formed 
on substrate (1), polycide film (7) composed of p-type polysilicon film (5) and tungsten (or 
molybdenum) silicide film (6) is formed. 

(B) Then, an n-channel MOSFET forming region is masked with resist film (8). The 
reason is as follows: for an n-channel MOSFET, there is no way to realize an effect in 
suppressing extraction of impurities (such as phosphorus P or arsenic As) by means of doping of 
nitrogen N, instead, this leads to an xmdesired increase in the gate capacitance. Consequently, 
doping of nitrogen N in the n-channel MOSFET region should be avoided. 

(C) Then, ion implantation of nitrogen ions N"^ is carried out such that the peak of 
distribution of concentration in the depth direction is located beyond tungsten (or molybdenum) 
silicide film (7) and beneath polysilicon film (5). (9) represents the curve of the distribution of 
the concentration of nitrogen N in the depth direction. 

Then, the manufacturing process is continued in the same way as in a conventional 
method for manufacturing MOS semiconductor devices. 

According to this invention, by simply implementing ion implantation of nitrogen N, in 
the later step of annealing, the lower portion of polysilicon film (7) is nitrided, so that extraction 
of boron B in p^ type polysilicon (5) can be suppressed by the nitride. 

Also, undesired ion implantation of nitrogen N into the n-channel MOSFET region can 
be prevented by forming resist film (8) as a mask. 
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H. Effect of the invention 

As explained above, according to the method for manufacturing a silicon gate p-channel 
MOS semiconductor device in this invention, there is a step of operation in which after silicon 
gate electrodes are formed on a gate insulating film made of silicon oxide on the surface of a 
substrate, nitrogen is ion implanted such that the peak in the distribution of its concentration in 
the depth direction is located in the lower portion of a silicon gate electrode. 

As a result, in the method for manufacturing a silicon gate p-channel MOS 
semiconductor device of this invention, by simply adding a step of ion implantation of nitrogen 
after formation of silicon gate electrodes, it is possible to nitride the lower portion of a silicon 
gate electrode so as to prevent extraction of boron in the later step of heat treatment for 
activation. 

Also, undesired nitriding of the gate insulating film in an n-channel MOSFET forming 
region can be easily avoided by masking the n-channel MOSFET forming region with a resist 
film in the ion implantation. 

Brief description of figures 

Figures 1(A)-(C) are cross-sectional views illustrating the steps of operation in an 
application example of the method for manufacturing a silicon gate p-channel MOS 
semiconductor device in this invention. 

Explanation of part numbers 
1 Semiconductor substrate 

4 Gate insulating film 

5 p-type silicon gate electrode 
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Figure 1 . Cross-sectional views illustrating the steps of operation in an application example 
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